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(54) Title: P1GGYBAC TRANSFORMATION SYSTEM 

(57) Abstract: The present invention is directed to a transformation system for making transgenic organisms that includes a vector 
contaimng a modified piggyBac transposon into which is inserted an enhanced green fluorescent protein gene linked to a polyubiqiri- 
tin promoter sanience and a nuclear locahang sequence; and a helper transpose vector that includes an hs P 70 promoter sequence 
upstream of the putative p/ggyflac promoter that increases the transformation frequency of this system. 
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PIGGYBAC TRANSFORMATION SYSTEM 

BACKGROUND OF INVENTION 

...» . 

Field of the Invention 

This invention relates to a transformation system that 
includes a gene transfer vector containing a modified piggyBac 
transposon (pB) and having the insertion of a marker construct 
containing an enhanced green fluorescent protein gene (EGFP) 
linked to a polyubiquitin promoter gene and a nuclear localizing 
sequence. The invention further relates to a helper vector 
containing a heat shock protein gene and to methods for using this 
system to transform eukaryotic cells as well as transgenic 
organisms produced using the system, especially insect cells and 
insects , respectively . 



Description of the Related Art 

The piggyBac transposable element from the cabbage looper 
moth, Trichoplusia ni (Cary et al., Virology, Volume 161, 8-17, 
1989) has been shown to be an effective gene-transfer vector in 
the Mediterranean fruit fly, Ceratitis capitata (Handler et al., 
Proc. Natl. Acad. Sci. USA, Volume 95, 7520-7525, 1998). Use of 
an unmodified transposase helper under piggyBac promoter 
regulation indicates that piggyBac retains autonomous function in 
the medfly, since transcriptional regulation was maintained, as 
well as enzymatic activity. This observation was unique since all 
other successful insect germline transformations had been limited 
to dipteran species using vectors isolated from the same or 
another dipteran. The initial transformation of medfly (Loukeris 
et al., Science, Volume 270/ 2002-2005, 1995) used the Minos 

vector from Drosophila hydei (Franz & Savakis, Nucl. Acids Res., 
Volume 19, 6646, 1991), and Aedes aegypti has been transformed 
from Hermes (Jasinskiene et al., Proc. Natl. Acad. Sci. USA, 
Volume 95, 3743-3747, 1998) from Musca domestica (Warren et al.. 
Genet. Res. Camb., Volume 64, 87-97, 1994) and mariner (Coates et 
al., Proc. Natl. Acad. Sci. USA, Volume 95, 3748-3751, 1998) from 
Drosophila mauritiana (Jacobson et al., Proc. Natl. Acad. Sci. 
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USA, Volume 83, 8684-8688, 1986). Drosophila melanogaster has 
been transformed as well by Hermes (0=Brochta et al.. Insect 
Biochem. Molec. Biol., Volume 26, 739-753, 1996) mariner (Lidholm 
et al., Genetics, Volume 134, 859-868, 1993), Minos (Franz et al., 
Proc. Natl. Acad. Sci. USA, Volume 91, 4746-4750, 1994) and by the 
P and hobo transposons originally discovered in its own genome 
(Rubin and Spradling, 1989; Blackman et al., EMBO J., Volume 8, 
211-217, 1989). Drosophila virilis also has been transformed by 
hobo (Lozovskaya et al., Genetics, Volume 143, 365-374, 1995; 
Gomez & Handler, Insect Mol. Biol., Volume 6, 1-8, 1997) and 
mariner (Lohe et al., Genetics, Volume 143, 365-374, 1996). While 
the restriction to dipteran vectors is due in part to the limited 
number of transposon systems available from non-dipteran species, 
phylogenetic limitations on transposon function is not unexpected 
considering the deleterious effects functional transposons may 
have on a host genome. This is, indeed, reflected by the high 
level of regulation placed on transposon movement among species, 
among strains within a host species, and even among cell types 
within an organism (Berg & Howe, Mobile DNA, American Society for 
Microbiology, Washington, D.C. 1989) . 

The ability of piggyBac to function in several dipteran 
species will be supportive of its use in a wider range of insects, 
if not other organisms. Most other vector systems function 
optimally, or have been only tested with their helper transposase 
under hsp70 promoter regulation. The transposition efficiency of 
most vectors has been also found to be influenced by the amount of 
internal DNA inserted, the position of this DNA within the vector, 
and the amount of subterminal DNA remaining in the vectors. 

The widespread use of piggyBac will be limited by the 
availability of easily detectable and unambiguous transformant 
markers . Most Drosophila transformations , as well as the few 
nondrosophilid transformations reported have depended on 
transformant selection by rescue of a mutant visible phenotype, 
usually eye pigmentation (Ashburner et al.. Insect Mol. Biol., 
Volume 7, 201-213, 1998). Unfortunately, most insect species have 
neither visible mutant strains, nor the cloned DNA for the wild 
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type allele of the mutation, arid these species require use of new 
dominant -acting marker genes that confer, preferably, a visible 
phenotype. 

The present invention, discussed below, provides a system 
that includes vectors for transforming eukaryotic cells, derived 
from piggyBac transposons that are different from related art 
vectors. Furthermore, the present invention increases the 
transformation frequency by about eight-fold compared to other 
piggyBac transformation systems. 



Summary of the Invention 

It is therefore an object of the present invention to provide 
a transformation system contains a vector that includes DNA 
derived from a piggyBac transposon element that allows for the 
almost precise excision of at least a second DNA sequence that is 
heterologous and included in the construct and insertion of at 
least said second heterologous DNA sequence into eukaryotic cells 
after introduction of the trans format ion construct containing said 
first and at least a second DNA into said cell that is then used 
to form a transgenic organism wherein said transgenic organism is 
detectable under ultraviolet light. 

Another object of the present invention is to provide a 
transformation system that includes a vector containing a modified 
piggyBac sequence, a sequence for marker expression linked to a 
polyubiquitin promoter and a nuclear localizing sequence and a 
helper vector including a heat shock protein gene wherein said 
system causes an increase in transformation frequency compared to 
other piggyBac transformation systems. 

A still further object of the present invention is to provide 
a vector containing a modified piggyBac sequence and an enhanc ed 

green fluorescent protein sequence linked to a polyubiquitin 
promoter and a nuclear localizing sequence. 

A still further object of the present invention is to provide 
a vector that is useful in transforming eukaryotic cells having 
the sequence SEQ ID No 6. 

Another object of the present invention is to provide a 
transgenic organism that is detectable under ultraviolet light. 
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A further object of the present invention is to provide a 
eukaryotic transgenic organism that has been transformed using a 
transformation system that includes vector containing a modified 
piggyBac sequence, an enhanced green fluorescent protein gene 
linked to a polyubiquitin promoter and a nuclear localizing 
sequence, and a helper vector containing a heat shock protein gene 
promoter „ 

A still further object of the present invention is to provide 
a transgenic insect that has been transformed using a vector 
having the sequence SEQ ID NO 6 . 

Further objects and advantages of the present invention will 
become apparent from the following description. 

Brief Description of the Drawings 

Figure 1(a) is a photograph of eye color phenotypes of 
Dm [pB w] transf ormants . 

Figure 1(b) is a photograph of a w[m] host strain fly (top) 
and orange -eye Dm [pBw, gfp] transf ormant fly (bottom) under 
brightf ield (left) and UV light (right) . 

Figure 1 (c) is a photograph of a w[m] host strain fly (top) 
and white-eye Din [pBw, gfp] transf ormant fly (bottom) under 
brightf ield (left) and UV light (right) . 

Figure 2 (a) is a schematic (not to scale) of the pB [Dmw] 
vector showing the Bgrlll, Soli, and Nsil restriction sites used to 
digest the genomic DNA, and the probes used for hybridization 
(bars ) . Above the schematic are distances in kilobases used to 
calculate internal restriction fragment sizes and minimum sizes 
for junction fragments. PiggyBac vector sequences are shaded 
gray, and the mini-white marker gene is white. 

Figure 2 (b) shows an autoradiogram of a Southern DNA 
hybridization analysis of DjnfpBw] transf ormant sublines, and w[m] 

host strain control samples from transformants using the pBASac 
(experiment I) or phsp-pBac (experiment II) helpers using Bglll 
digestion and Sph/Hpa piggyBac as probe. DNA size markers are 
shown to the left of the autoradiogram. M (male) and F (female) 



WO 01/14537 PCTAJS00/22433 

designations refer to GO lines, with the numbers below referring 
to their respective Gl sublines. 

Figure 2(c) shows a Southern DNA hybridization analysis of 
Dm [pBw] transformant sublines and w[m] host strain control samples 

from transformants, using the pBASac (experiment I) or phsp-pBac 
(experiment II) helpers, using Sail digestion and Hpa/Ase plggyBac 

as probe. DNA size markers are shown to the left of the 
autoradiograra . M (male) and F (female) designations refer to GO 
lines, with the numbers below referring to their respective Gl 
sublines . 

Figure 2 (d) shows a Southern DNA hybridization analysis of 
DmtpBv] transformant sublines and w[m] host strain control samples 

from transformants, using the pBASac (experiment I) or phsp-pBac 

(experiment II) helpers, using Nsil digestion and Nsi/Hpa + 

Hpa/NBi probes. DNA size markers are shown to the left of the 

autoradiogram. M (male) and F (female) designations refer to GO 
lines, with the numbers below referring to their respective Gl 
sublines . 

Figure 3(a) is a schematic (not to scale) of the pB[Dmw, 

PUbnl sBGFP] vector showing the Bgrlll, Xhol, and PstI restriction 

sites used to digest the genomic DNA, and the probes used for 
hybridization (bars) . The Sph/Hpa piggyBac as probe contains 0.67 

kb of vector sequence (Sphl to Bglll) with Bgrlll to Hpal piggyBac 

sequence deleted from the vector. Above the schematic are 
distances in kilobases used to calculate internal restriciton 
fragment sizes and minimum sizes for junction fragments. PiggyBac 

vector sequences are shaded gray, the mini- white marker gene is 

white, and the EGFP marker gene is hatched* 

Figure 3 (b) is an autoradiogram of a Southern DNA 
hybridization analysis of Dm[pBw, gfp] transformant sublines, and 

wild type (wt) and w[m] host strain control samples using Bgrlll 

digestion and Sph/Hpa piggyBac as probe. DNA size markers are 

shown to the left of the autoradiogram. M (male) and F (female) 
designations refer to GO lines with selected Gl transformant 
progeny of samples. 
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Figure 3 (c) is an autoradiogram of a Southern DNA 
hybridization analysis of Dm[pBw, gfp] transf ormant sublines, and 
wild type (wt) and w[m] host strain control samples using Xhol 
digestion and Hpa/Ase piggyBac fragment as probe. DNA size 
markers are shown to the left of the autoradiogram. M and F 
designations refer to GO lines with selected Gl transformant 
progeny of samples. 

Figure 3 (d) is an autoradiogram of a Southern DNA 
hybridization analysis of Dm[pBw, gfp] transformant sublines, and 
wild type (wt) and w[m] host strain control samples using PstI 
digestion and Hpa/Ase piggBac fragment + EGFP DNA as probe. DNA 
size markers are shown to the left of the autoradiogram. M and F 
designations refer to GO lines with specific Gl line numbers are 
given below, with the designation ( + ) for those expressing visible 
eye pigmentation and (-) for those having non-pigmented white 
eyes. 

Figures 4 (a) and (b) show inverse PCR strategy to isolate 
the pB[Dmw] vector insertion site in transformant sublines. 
Figure 4 (a) is a schematic (not to scale) of the vector insertion 
in the host plasraid showing the approximate location of the 
restriction sites and primers used for PGR. Forward (F) and 
reverse (R) primers are numbered according to their nucleotide 
position in piggyBac. The piggyBac sequence is shown in gray 
surrounded by the TTAA (SEQ ID NO 1) duplicated insertion site, 
the mini- white marker gene is white, and chromosomal sequence is 

- 

hatched . 

Figure 4 (b) shows the piggyBac insertion site sequence in 
p3B1.2 (SEQ ID NOs 7 and 8), and the proximal insertion site 
sequences (SEQ ID NOs 9 and 10, 11 and 12, and 13 and 14) for 
three of the transformant sublines. 

Figure 5 shows a circular map of the vector pB[FUb-nls-EGFP] 

#257. 

Figures 6a-6f show SEQ ID NO 6 for pB [PUb-nls-EGFP] #257 . 

Figure 7(a) is a photomicrograph showing GFP expression in 
Anaatrepha suapensa transformed with piggyBac/PUb-nls-EGFP at 
embryo stages. Under UV light, transf ormants exhibit bright green 
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fluorescence, with wild- type non-transformants exhibiting muted 

• * ■ 

yellow autof luourescence (digital images taken with Leica MZ-12 

> * ■ • • 

fluorescence microscope and SPOT-1 CCD camera) . 

* 

Figures 7 (b) and 7(c) are photomicrographs showing GFP 
expression in Anaatrepha Buspensa transformed with piggyBac /PUb- 

nls-EGFP at larval stages. 7(b) is a wild- type non-transf ormant 
and 7c is a transf ormant . Under UV light, transformants exhibit 
bright green fluorescence, with wild- type non-transformants 
exhibiting muted yellow autof luourescence (digital images taken 
with Leica MZ-12 fluorescence microscope and SPOT-1 CCD camera) . 

Figures 7(d) and 7(e) are photomicrographs showing GFP 
expression in Anastrepha suspensa transformed with piggyBac/PUb- 

nls-EGFP at adult stages. 7(d) is a wild-type non- transf ormant 
and 7(e) is a transf ormant . Under UV light, transformants exhibit 
bright green fluorescence, with wild- type non-transformants 
exhibiting muted yellow autof luourescence (digital images taken 
with Leica MZ-12 fluorescence microscope and SPOT-1 CCD camera) . 
Figures 8 (a) -8(e) are eye color phenotypes of Bactrocera 

dorsalis wild- type ( + ) and white eye (WE) host strain and the 
Bd[pBCcw] transf ormant lines 61,115, and 137. 

Figures 9(a) and 9(b) show medfly, Ceratitus capitata 

transformed with piggyBac/ white/EGFP vector (pB [Cc*r,pUB-nls-BGFPl ) 

expressing eye color under bright field (9a) and GFP expression 
under ultraviolet (9b) . 

Figure 10 shows a transgenic insect having three integrations 
observed under ultraviolet light after various times after 
decaptitation . Flies were decapitated at day 0, taped in a 
plastic box placed outdoors in partial sunlight. Digital 
photographs were taken each day at the same exposure and 
magnification . 

Detailed Description of the Invention 

The present invention is an effective transformation system 
for producing transgenic organisms, especially transgenic insects. 
The identification and isolation of an autonomous piggyBac 

transposon enables transformation of cells and the production of 
transgenic organisms wherein DNA capable of being expressed in the 
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transformed cell or transgenic organism is excised from a 
transformation construct and inserted into the genome of a cell 
used to produce a transgenic organism (United States Patent 
Application 08/844 ,274; herein incorporated by reference) . The 
term cell for the purposes of this invention includes any cell 
capable of being transformed by the transformation construct of 
the present invention and preferably includes any eukaryotic cell. 

The term organism for the purposes of the present invention 
includes any unicellular or multicellular living entity capable of 
being transformed by the transformation construct of the present 
invention and preferably includes multicellular eukaryotes. More 
preferably, the cell or organism is an insect cell or an insect. 

The present invention utilizes the transposon machinery of 
the TTAA (SEQ ID NO 1) specific transposons to excise and insert a 
targeted functional heterologous DNA sequence into the genome of 
the host cell. The resulting transformed cell or group of cells 
are stable transformants that are then used to make a transgenic 
organism, using techniques known to the skilled artisan, that will 
pass the introduced gene to all subsequent progeny. The targeted 
functional heterologous DNA for purposes of this invention is any 
heterologous DNA capable of being expressed in a host cell and/or 
a transgenic organism. 

The transformation system of the present invention includes a 
vector, such as, for example, pB [FUb-nls-EGFP] {Figures 5 and 6), 
that includes a modified piggyBac transposon <pB) , a marker 
construct that includes the enhanced green fluorescent protein 
gene (EGFP) linked to the promoter region of the Drosophila 
melanogaater polyubiquitin (PUb) gene and the nuclear 
sequence (nls) of the SV40 virus. This vector can be used to 
transform and detect transgenic organisms based on expression of 
the green fluorescent protein marker under ultraviolet light. 
After chromosomal integration and inheritance of the vector, 
expression of green fluorescent protein occurs in all cell types, 
is intense, strongly localized to nuclei, and continues to be 
detectable under ultraviolet light even after death of the 
organism. The novel features of this vector includes its 
construction that deletes about 748 bp of internal piggyBac 
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sequence without diminishing its function, and the function of the 

• ■ 

polyubiquitin promoter in a nondrosophilid species. This has 
utility as a broadly based method for the creation and selection 
of transgenic organisms, and as a genetic marker for detecting and 
tracking transgenic insects used in field release programs (Figure 
5) . 

GPP expressivity is critical for nondrosophilid species not 
amenable to mutant -rescue, it also widens the possibility for 
using the dominant expression of GFP as a primary transformant 
marker in many Drosophila lines not already carrying the white or 
rosy mutations, or for screens requiring selection in early 
development. Though vectors carrying white and gfp have been 

tested previously, the transformations used only white as the 
transformant selection, with GFP assessed secondarily for specific 
spatial or developmental expression (Davis et al., Devel. Biol., 
Volume 170, 726-729, 1995; Wang & Hazelrigg, Nature, Volume 
369,400-403, 1994) . 

The transformation system of the present invention also 
includes a piggyBac transposase helper plasmid, pBASac, having 

its' 5" terminus deleted as described by Handler et al. (1998, 
supra; herein, incorporated by reference) . A new transposase 

helper under heat -shock promoter regulation was created by the 
isolation of the 457 bp Xbal-Xnml 5' nontranslated sequence from 

the hsp70 gene (Lis et al., Cell, Volume 35, 403-410, 1983, herein 

incorporated by reference) . The heat -shock regulated helper 
increases the transformation frequency by eight-fold in 
Drosophila, in d i cating that the piggyBac system could be as 

effective as routinely used systems such as P and hobo that have 

been thus far inactive in nondrosophilids (O'Brochta & Atkinson, 
Insect Biochem. Molec. Biol., Volume 26, 739-753, 1996). 

The creation of a transformed cell requires that the vector 
containing the functional heterologous DNA first be physically 
placed within the host cell. Current transformation procedures 
utilize a variety of techniques to introduce DNA into a cell. In 
one form of transformation for vertebrate systems, the DNA is 
microinjected directly into embryos through the use of 
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micropipettes . Alternatively, high velocity biolistics can be 
used to propel small DNA associated particles into the cell. in 
another form, the cell is permeablized by the presence of 
polyethylene glycol, thus allowing DNA to enter the cell through 
diffusion. DNA can also be introduced into a cell by fusing 
protoplasts with other entities that contain DNA. These entities 
include minicells, cells, lysosomes, or other fusible lipid- 
surfaced bodies. Elect roporat ion is also an accepted method for 
introducing DNA into a cell. In this technique, cells are subject 
to electrical impulses of high field strength that reversibly 
permeabilizes biomembranes , allowing the entry of exogenous DNA 
sequences. One preferred method of introducing the transformation 
system of the present invention into insect embryos, in accordance 
with the present invention, is to microinject fertilized eggs with 
the vectors of the present invention. The DNA sequence flanked by 
the transposon inverted repeats will be inserted into the genome 
of some of the germ cells of the fertilized egg during development 
of the organism. This DNA will then be passed on to all of the 
progeny cells to produce transgenic organisms. The microinjection 
of eggs to produce transgenic animals has been previously 
described and utilized to produce transformed mammals and insects 

(Rubin et al.. Science, Volume 218, 384-393, 1982; Hogan et al.. 
Manipulating the Mouse Embryo: A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, Plainview, N.Y. , 1986; Morgan et al., 
Annu. Rev. Biochem. , Volume 62, 191-217, 1993; Spradling, A.C., 
In: Drosophila: A Practical Approach, ed. D.B. Roberts, Oxford: 
IRL Press, 175-197, 1986; all herein incorporated by reference). 

Accordingly, a method of producing stably transformed insects 
includes the step of microinjecting the transformation constructs 
of the present invention comprising the inverted repeats of a TTAA 
specific transposon and a helper construct into a cell, preferably 
a fertile insect egg. This is followed by incubation in an 
oxygenated and humidified tissue culture chamber at about 22-23° C 
for about 3-6 hours. Injected cells or eggs are then heat shocked 
at about 37°-41° C, about 39°C preferred, for about 1 hour. The 
resulting transformed cells or transgenic organisms have exogenous 
DNA inserted into the genomic DNA at the sequence TTAA. 

Transformed cells and/or transgenic organisms can be selected 
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from untransf ormed cells and/or nbn- transgenic organisms by 
ultraviolet light since the transformation system includes an 
enhanced green fluorescent protein gene that produces an altered 
visible phenotype under ultraviolet light. Using standard 
techniques known to those familiar with the field, techniques such 
as, for example. Southern blotting and polymerase chain reaction, 
DMA. can be isolated from transformed cells and/or transgenic 
insects to confirm that the introduced DNA has been inserted. 

Genetic modification of insects with new genetic elements 
provides a means to control populations of agriculturally 
pestiferous or beneficial insects. The ability to control pest 
insects through genetically based sterile insect programs or 
genetically introduced targeted conditional susceptibilities will 
result in significant cost savings to agribusiness. This 
technology can also be used for detection and monitoring of insect 
populations and infestations where piggyBac transgenic insects are 

present in the population. In addition, introduction of genes 
that impart resistance to chemicals (including herbicides, 
pesticides, and insecticides) can improve the efficacy of 
beneficial insects. Each of these applications will result in 
more efficient pest control programs. 

Enhancing the resistance of beneficial insects to pesticides 
will enhance the efficacy of the beneficial insects and may allow 
for the simultaneous use of chemical control and biological 
control of pests. Some of the beneficial insects that would make 
good candidates for such transformations include Hymenopteran 
parasitoids of Heliothis spp. : Micropilitis crocelps and 

Cardiochllea nigriceps; Hymenopteran parasitoid of Diamondback 

moth, Plutella xylostellaz Diadegma insolare; Hymenopteran 

parasitod of the Indianmeal moth, Plodla Interpunctellai Bracozi 

hebitor; and Hemipteran predators: Xylocoris flavipes, Podisus 

maculatus . 

The following examples are intended only to further 
illustrate the invention and are not intended to limit the scope 
of the invention as described by the claims. Drosophlla 

melanogaeter white strain w[m] , was used in the following examples 
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as a model system for transformation system studies using the 
vectors of the present invention. D* melanogaster and 

transformant progeny were maintained at about 23-25° C on standard 
cornmeal -yeast -molasses media. 

EXAMPLE 1 

The piggyBac transposase helper plasraid, pBASac, having its 
5 ' terminus deleted was described previously (Handler et al . , 
1998; supra, herein incorporated by reference) . pBASac was 
created by digestion of p3E1.2 (United States Patent Application 
08/844,274) with Sad and religation, that deletes the 5' piggyBac 

terminal sequences but maintains the putative piggyBac promoter 

region. A transposase helper under heat -shock promoter regulation 
was created by isolation of the 457 bp Xhal-XmnI 5' nontranslated 

sequence from the hsplO gene (Lis et al., 1983, supra; herein 
incorporated by reference) . The Xbal-Xnml fragment was blunted 
and ligated into the Sad -blunted site of pBASac to create phsp- 
pBac. This places the hsp70 promoter sequence upstream of the 
putative piggyBac promoter. 

The pB [Draw] vector was created by insertion of a Drosophila 
melanogaster mini -white gene (Pirrotta et al., EMBO J., Volume 4, 
3501-3508, 1985; herein incorporated by reference) into the 3E1 
piggyBac element within the 6.0 kb p3E1.2 plasmid (Cary et al., 

1989, eupra) . The mini-white gene was isolated as a 4.2 kb EcoRI 

fragment, blunted and ligated into the p3E1.2 tfpal site. The 

inserted w gene interrupts the piggyBac open reading frame (ORF) , 

but otherwise leaves the piggyBac element intact, with the 

respective promoters in opposite orientation. A piggyBac vector 

marked with w and gfp was created by initial construction of 

piggyBac marked with an enhanced gfp regulated by D. melanogaster 

polyubiquitin (PUb) promoter (Lee et al., Moi. Cell. Biol., Volume 
8, 4727-4735, 1988; herein incorporated by reference) linked in- 
frame to the SV40 nuclear localizing sequence (nls) (Lanford et 
al., Mol. Cell. Biol., Volume 8, 2722-2729, 1986). The 
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polyubiquitin-nls (PUb-nls) cassette from PUbnlsGFP (Davis et al., 
1995, supra) was isolated as KpnI-Smal fragment and inserted into 

the JCpnl-Smal cloning site of EGFP-1 (Clontech) (Cormack et al., 

• m * * 

Gene, Volume 173/ 33-38, 1996; Yang et al., Nucleic Acid Res*, 
Volume 24, 4592-4593, 1996) . Polyubiquitin-nls -EGFP was then 
isolated as a 4.1 kb Bglll-StuI fragment and ligated into the 

Bglll-Hpal site of piggyBac within p3E1.2 to create 

pB [PUbnlsEGFP] . The Bglll-Hpal digestion results in a 748 bp 

deletion within p3E1.2. The mini -white gene was then inserted 

into the unique Bglll site by blunt-end cloning to create pB [Dmw, 

PUbnlsEGFP] . 

EXAMPLE 2 

Embryo injections used standard procedures (Rubin & 
Spradling, Science, Volume 218, 348-353, 1982; herein incorporated 
by reference) with dechorionation achieved either manually or by 
1.6% hypochlorite solution followed by about 2 washings in 
approximately 0.02% Triton-X 100 in water. Eggs were placed on 
double-stick tape, desiccated in room-air for about 10-15 minutes 
and submerged under Halocarbon 700 oil. Injections followed 
standard Drosophlla. microinjection procedures (Rubin and 

Spradling, Science, Volume 218, 348-353, 1982; herein incorporated 
by reference) . DNA mixtures had vector : helper concentrations of 
about 600:400 fig/ml, respectively, in injection buffer 

(approximately 5 mM KC1; approximately O.lmM sodium phosphate; at 
about pH 6.8). Injected eggs were placed in an oxygenated and 
humidified tissue culture chamber at about 22-23°C for about 3-6 
hours, and phsp-pBac injected eggs were heat shocked at about 37°C 
for about one hour. Hatched larvae were collected about 1-2 days 
later and placed on larval diet. Eclosed GO male adults were 
mated either individually to about 2 or 3 w[m] virgin female 

adults, or in groups of about three females to about six males. 
Gl eggs were collected for two weeks and reared under standard 
conditions that include maintaining the eggs at about 23-25° C on 
standard commeal -yeast -molasses media (Ashburner et al., supra). 

Green fluorescent protein (GFP) was observed at all 
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developmental stages under a Leica MZ-12 stereozoom microscope 
using a mercury lamp and a ultraviolet iongpass filter set (HQ 
41012 FITC; Chroma) optimized for red-shifted GPP variants. 
Photographic documentation used an Olympus OM-4 camera and 400 ASA 
Fujichrome film with exposure times that were determined 
empirically. 

In the first of three transformation experiments, the 
piggyBac vector system was tested in D. melanogaster white strain 

using a helper transposase under piggyBac regulation (pBASac) and 
a vector marked solely with D. melanogaster mini- white gene 
(pB [Dmw] ) . A mixture of vector and helper plasmids at 

concentrations of about 600 and about 400 ^ig/ml, respectively, was 

injected into about 2,650 embryos from that about 418 larvae 
hatched with about 283 emerging as adults. (See Table 1 below) . 
The GO adults were backcrossed to w[m] flies in groups totaling 

about 111. Four of the GO lines yielded Gl offspring having 
varying levels of eye pigmentation (Figure 1) . One line (F30) was 
sterile, and one line produced only white eye offspring, and 
therefore only two of the putative Dm[pBw] transf ormants were 

verified. One of these (F13) exhibited eye pigmentation only in 
females in several succeeding generations, suggesting that the 
integration caused a sex-linked lethal mutation. Presuming a 
fertility rate of about 50% (fertility rates are typically between 
about 40-60%; see below) , an approximate transformation frequency 
of about 1-3% of fertile GOs was obtained. 

In a second experiment, the pB[Dmw] vector was again tested 

but with a piggyBac transposase helper under D. melanogaster hsplO 
(Lis et al., 1983 supra) promoter regulation (phsp-pBac) . A 
vector/helper mixture, at a concentration of approximately 600/400 
Hg/ml was injected into about 1,940 embryos, of which about 247 

larvae hatched, with about 122 emerging as adults (See Table 1, 
below) . GO adults were initially backcrossed in a total of about 
49 groups to w[m] flies, after which they were individually mated 

to determine fertility. Of the about 98 surviving GO flies, about 
41 yielded offspring resulting in a fertility rate of about 42%. 
Of the 41 fertile GO flies, 11 lines produced offspring having 
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varying levels of eye coloration (Figure 1) yielding a 
transformation frequency of about 26%- The number of Gl offspring 
from the GO lines varied considerably, ranging from 1 Gl in lines 
Mil and Fl, to 102 Gl flies in line M13 . 

In a third experiment, the phsp-pBac helper was used, but 
with a pigrgyBac vector including the enhanced green fluorescent 
protein (gfp) marker gene in addition to the D. mel anogaster white 
gene. This allowed the testing of a new gfp marker construct in 
transformants that could be primarily identified by white 
expression. Although expression of wild type GFP under 
polyubiquitin-nuclear localizing sequence regulation had been 
tested previously in D. melanogaster P transformants (Davis et 
al., 1995, supra), the vector of the present invention improves 
expression of GFP by using an enhanced GFP (EGFP-1) having a 
double mutation causing a reported increase in expression of up to 
about 35-fold (Cormack et al., 1996, supra; Yang et al., 1996, 

supra) . The variant form is also optimized for mammalian codon 
usage and polyadenylation, and preliminary tests of the marker 
construct indicated transient GFP expression in both Drosophila 

embryos and dipteran and lepidopteran cell lines (A.M. Handler and 
R.A. Harrell, unpublished) . The vector construct, pBtDmw, 
PUbnlsEGFP] , also allowed evaluation of piggyBac transformation 

with about a 10.0 kb vector, approximately 3.4 kb larger than 
previous vectors tested, and having about 748 bp of piggyBac DNA 

deleted (previous vectors retained all piggyBac DNA) . As before, 

a mixture of about 600 ng/ml vector and about 400 jig/ml helper was 
injected into about 2147 embryos, of which about 412 larvae 
hatched, and about 218 emerged as adults (Table 1 below) . GO 
adults were backcrossed to w[m] flies in a total of about 90 

mating groups, of which about 79 yielded offspring. Although 
white* gene expression (eye pigmentation) was depended upon as the 

primary marker, Gl larvae and pupae were examined under UV for 
visible GFP expression, and seven of the GO lines yielded 
fluorescent Gl larvae and pupae. Interestingly, as shown below in 
Table 2, upon adult emergence only six of the seven GO lines 
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yielded Gl offspring with observable eye color pigmentation, 
while about 70 Gi offspring in total exhibited observable green 
fluorescence, only about 27 of these flies exhibited a level of 
eye pigmentation that would have allowed their selection under 
normal screening procedures. In contrast, all of the Gl flies 
with eye color pigmentation expressed GFP. Figure lb shows a 
Dm [pBw, egfp] transf ormant having an orange eye color and GFP 

fluorescence, with no fluorescence observed in the w[m] host. 

Figure lc shows another transformant having a white eye phenotype 
indistinguishable from that in the w[m] host strain, but 

exhibiting an equal, if not greater level of GFP fluorescence 
compared to the orange eye transformant. Notably, fluorescence is 
quenched in the eye of the pigmented transformant, while it is 
easily visible in the white eye transformant. High magnification 
examination revealed a few pigmented ommatidia in some white eye 
Gl flies expressing GFP, though these would not have been normally 
detected. Based on selection by GFP expression and presuming 
about 50% fertility, an approximate transformation frequency of 
about 6-7% of fertile GO flies is deduced. 

. An assessment of vector activity based on germline 
transformation frequency is a factor of both transposon mobility 
ih the host embryo and levels of genomic position effect 
suppression of the marker gene, or stated more simply, the ability 
to visibly identify putative transf ormants . While position effect 
variegation and suppression of white expression in transf ormants 

is well established (Hazelrigg et al.. Cell, Volume 64, 1083-1092, 
1984; Pirotta et al., 1985, supra), the effect of complete marker 

suppression on transformation frequencies has not been assessed 
since such transformants have been only detected fortuitously 
after molecular analysis. The experiment using both the white and 

GFP markers proved the importance of position effects on marker 
expression convincingly, since GFP was readily detectable in 70 Gl 
flies, yet eye pigmentation was apparent in less than 40% of 
these. Under typical screening procedures these flies would not 
have been scored as transformants, though pigmentation in a few 
ommatidia in some flies could be detected at high magnification, 
and for a few lines, pigmentation was more apparent in subsequent 
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generations. It is likely that expression of the white marker 
would have been improved by heat shock regulation, but 
nonetheless, GFP was easily detected in all the non-pigmented 
transformants, and strongly expressed in some. The influence of 
modifier genes on position effect variegation is complex, and 
target genes (or their promoters) are not equivalently affected 
(Bhadra et al., Genetics, Volume 150, 251-263, 1998). The 
polyubiquit in- gfp gene may be a target of position effect 
modifiers, but it is clearly less susceptible to suppression 
relative to white in terms of its expressed phenotype in the same 
chromosomal context. The data suggests that GFP is a more 
reliable visible marker than white, that portends well for its use 
as a general marker in other insects. 



TABLE l. Transformation Experiments 



Expt 


vector/ 
helper 


eggs 
injected 


GOs 
mated 


% 

fertility 


No. 
GO 
lines 


No. 

Gl 

lines 


transformant 
frequency 


I 


pB[Dmw]/pBASac 


2,650 


283 


nd 


4 


11 


0.01-0.03* 


n 


pBPmw]/phsp-pBac 


1,940 


122 


42 


11 


266 


0.26 




pB[Dm>v, 

PUbnlsEGFP]/phsp- 
pBac 


2,147 


218 


nd 


7 


70 


0.06-0.07* 
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TABLE 2. Gl white* and GPR marker expression in DmfpBw, gfp] 



transf ormants . 



GO line 


No. Gl 


GPP 


white* 


Frequency 
white* 


M4 


4 


4 


3 


0.75 


M9 


21 


21 


2 


0.10 


M12 


3 


3 


1 


0.33 


M23 


15 


15 


14 


0.93 


M45 


5 


5 


0 


0 


M47 


21 


21 


6 


0.29 


F10 


1 


1 


1 


1.00 


Total 


70 


70 


27 


0.39 



EXAMPLE III 

Southern hybridization was performed to verify genomic 
transposition of the piggyBac vectors. Approximately 5-10 pig of 

genomic DNA was digested with indicated restriction enzymes and 
separated on about 0.8% agarose gels. DNA was stained with 
ethidium bromide, blotted to nylon filters and immobilized by 
ultraviolet irradiation. Hybridization probes were labeled with 
[ 32 P] -dCTP by random priming (Gibco BRL) according to the 
manufacturers specifications. Probe DNA was generated from 
indicated piggyBac restriction fragments (see below) that were 

separated from p3E1.2, or the entire egfp gene from pEGFP-1 
(Clontech) by agarose electrophoresis and gel-elution. 
Hybridizations were performed in phosphate buffer, approximately 
pH 7.5; about 1% BSA; about 7% SDS at about 65°C with an initial 
wash in about 2X SSC; about 0.2% SDS at about room temperature and 
about two washes in about IX SSC; about 0.1% SDS at about 55°C for 
approximately 30 minutes. Autoradiography was performed by 
exposure of Kodak X-Omat film at about -90° C. 

Genomic transposition of the piggyBac vectors was verified by 

Southern DNA hybridization. The basic strategy was to perform 
hybridizations to the 5* vector arm using the piggyBac Sphl-Hpal 

- * 

or Nsil-Hpal fragment as probe, and the 3' vector arm using the 
tfpal-Asel or Hpal-Nsil fragment as probe. Using probes to both 



- 18 - 



WO0M4537 PCTAJS00/22433 

vector arms, internal fragments spanning most of the vector were 

* * » 

detected. Hybridizations to the vector arms and adjacent 
chromosomal sequence indicate their presence in non-plasmid DNA 
and indicate the number of integrations, while internal 
hybridizations that yield known fragment sizes confirm vector 
integrity. 

For pB[Dmw] transf ormants , genomic DNA was initially digested 

with Bglll and hybridized to the labeled Sph-Hpa piggyBac 

fragment, that detects both vector arms resulting in two bands for 
each integration (Figure 2A) . Each intact vector integration 
should result in one band greater than about 0.67 kb for the 5 1 
arm, and one band greater than about 5.9 kb for the 3' arm. Since 
varying eye color phenotypes among Gl sublines was observed, and 
in some cases within Gl sublines, sublines having light orange, 
dark orange, or red eye coloration from the same Gl sublines were 
selected for hybridization analysis. For example, flies having 
differing phenotypes from lines M13-39, M19-90, and M19-91 were 
hybridized separately, but no difference in the number or sites of 
insertion were apparent. Of all the lines tested, all had single 
integrations except for two lines having two integrations (M13-39 
and M19-91) and one line having three integrations (F14-63) . All 
the lines with multiple integrations had dark orange or red eye 
color, though several lines with a single integration also shared 
these phenotypes. Hybridization patterns for the lines tested 
indicated that for most of the GO lines, different integrations 
were transmitted to many of the Gl sibling offspring. For 
example, the three Gl sublines tested from both the M3 and M5 GO 
lines all show different patterns indicating at least three 
independent integrations occurring in the two GO germlines. 

Genomic DNA digested with Sail and hybridized to Hpal-Asel 

probe yielded single bands greater than about 3.0 kb for each 
integration, and the number of integrations determined were 
consistent with the SphL-Hpal hybridizations (Figure 2B) . For all 

samples, Nsil digestion and hybridization to Nsi-Hpal and Hpal- 

Nsil probe yielded only about 1.5 kb and about 4.6 kb bands 

accounting for about 6.1 kb of the about 6.6 kb vector, indicating 
the same generally high level of vector integrity for all 
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integrations tested. 

Gl sublines from six GO lines transformed with the pB[Dnw, 
PUbnlsEGFP] vector were digested with either Bglll and probed with 
Sphl-Hpal piggyBac DNA for 5' vector arm analysis, or digested 
with Xhol and probed with Hpal-Asel piggyBac DNA for 3' arm 

analysis (Figure 3A and 3B) . Both hybridizations yielded one band 
for each sample, indicating single integrations having occurred in 
each line. Weil restriction digests with Nsil-Hpal and Hpal-Nsil 

hybridizations yielded about 0.7 kb and about 0.8 kb bands 
indicating vector integrity for each integration (data not shown) . 

Two GO lines, M9 and M47, yielded a high proportion of Gl 
flies expressing only GFP and white eyes, and line M45 that 
yielded only white eye transf ormants . These lines were analyzed 
by PstI digestion and hybridization to EGFP and Hpa-Ase. All 

lines shared the about 4.4 kb internal vector fragment, with an 
additional junction fragment from the 3 1 vector arm and adjacent 
insertion site chromosomal DNA. The M9 white eye lines all shared 
the same integration indicated by an about 0.9 kb junction 
fragment, and similarly the M47 white eye lines all shared the 
same 5.0 kb junction fragment. The pigmented lines M9-2 and M9-3 
had different integrations from each other, and from their white 
eye sibling lines, and the pigmented lines M47-9 and M47-10 shared 
the same integration based on an about 4.0 kb junction fragment, 
but which differs from their white eye siblings. These 
hybridizations, and that for M45-1, proves that the white eye 
flies were transformed, and that white expression was likely 
influenced by differing insertion sites from their pigmented 
sibling lines. 

EXAMPLE IV 

To verify that piggyBac-mediated chromosomal transpositions 

had occurred, insertion sites were isolated by inverse PCR from 
sublines Fl-2, M17-4 and M31-6, all having single integrations. 
Inverse PCR was performed as described previously (Handler et al . , 
1998, supra; herein incorporated by reference) using ifaelll 

digestions for 5 1 and 3 1 junctions and Mspl digestion for 3* 
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junctions. After about 4 hours digestion, restriction fragments 
were circularized by ligation at about 16° C for about 16 hours. 
PCR was preformed on the circularized fragments by using primer 
sequences in opposite orientation within the piggyBac restriction 

site and terminus for each junction. For the 5 1 junction, the 
forward primer (572F) 5 1 -TCTTGACCTTGCCACAGAGG-3 • (SEQ ID NO 2) and 
reverse primer (154R) 5 1 -TGACACTTACCGCATTGACA-3 1 (SEQ ID NO 3) 
were used. For the 3* junction the reverse primer (2118R) 5»- 
GTCAGTCCAGAAACAACTTTGGC-3 1 (SEQ ID NO 4) and the forward primer 
(2385F) 5 1 -CCTCGATATACAGACCGATAAAAACACATG-3 • (SEQ ID NO 5) were 
used. PCR products were separated in low-melting- temperature 
agarose, and fragments were selected that were longer than the 
respective restriction site terminus distances and different from 
those expected from the p3E1.2 based vector and helper plasmids. 
These products were directly subcloned into ddT vectors 
(Invitrogen) , that were sequenced by using primers to vector 
sequence proximal to the respective termini. Subcloned PCR 
products were sequenced and analyzed by alignment using GeneWorks 
2.5 software (Oxford Molecular Group) and subjected to BLAST 
analysis (Altshul et al., J. Mol. Biol., Volume 215, 403-410, 
1990; herein incorporated by reference) to identify genomic 
insertion site sequences and distinguish them from those . in the 
injected plasmids. For all the integrations both the 5' and 3 f 
junctions yielded the piggyBac inverted terminal repeat sequences 

immediately adjacent to a TTAA sequence (SEQ ID NO 1) and proximal 
insertion site DNA (Figure 4) . The TTAA (SEQ ID NO 1) duplicated 
target site is characteristic of all piggyBac integrations (Elick 

et al., Genetica, Volume 97, 127-139, 1995) and typically 
indicates a vector-mediated transposition. The BLAST analysis 
revealed that the M17-4 integration occurred in a TTAA site within 
the cubitus interrupt us- Dominant gene located on chromosome 4 at 

nucleotide 12,898 (GenBank submission U66884; Ahmed & Podemski, 
Gene, Volume 197, 367-373, 1997), and the M3106 integration was 
found to have occurred in a TTAA site within a previously 
sequenced region of the distal X chromosome (GenBank submission 
AL09193; Murphy et al, direct submission) . Determination of 
insertions in these previously sequenced sites gives the first 
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direct proof that a piggyBac vector does indeed insert into and 

duplicates TTAA (SEQ ID NO 1) insertion sites in a eukaxyotic 

■ 

genome . 

Two of the three insertion sites that were sequenced were 
found to be in previously sequenced genomic loci f and as expected, 
the insertions sites were all TTAA (SEQ ID NO 1) with one of them 
within the ci D allele on the fourth chromosome. Many transposons 

have insertion site preferences, and for at least some, a clear 
negative bias against specific sites or loci . This has been 
clearly demonstrated by genomic hotspots and coldspots for P 

integration in D. melanog aster (See Engels, In: Mobile DNA, D.E. 

Berg and M.M. Howe, eds., American Society of Microbiology, 
Washington, D.C., 439-484, 1989), and by differences in 
preferential integration sites between hoJbo and P (Smith et al.. 

Genetics, Volume 135, 1063-1076, 1993) . If the TTAA (SEQ ID NO 1) 
specificity for piggyBac integration is not further influenced by 

proximal sequences, then piggyBac transpositions may find use in 

transposon-mutagenesis and enhancer traps for loci refractory ot P 

or hobo transpositions in Drosophila. 

■ 

Example V 

The Caribbean fruit fly, Anastrepha suspensa, was transformed 

with a piggyBac vector marked solely with PUb-nls-GFP (pB [PUb-nsl- 

EGFP] ) (Figures 5 and 6) using the hsp70 -piggyBac (phsp-pBac) 

helper. From injected embryos, 561 surviving GO adults were 
intermated in 60 small groups. Four of the GO groups yielded a 
total of 57 Gl offspring exhibiting green fluorescence at all 
stages of developement (See Figure 7) and chromosomal vector 
integrations were verified by Southern hybridization for each GO 
group. To test GFP as a genetic marker for field released 
transgenic flies, the perdurance of GFP expression was assayed in 
transgenic flies killed by decapitation. Two to three day old A. 

suspensa adults transformed with pB [PUb-nls-EGFP] , and wild type 

non-transformed adults, were decapitated and placed within a 
plastic box kept outdoors in partial shade. GFP fluorescence was 
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observed daily by digital images taken with a SPOT-1 cooled CCD 
digital camera (Diagnostic Instruments, Inc.). through a Leica MZ- 
12 stereozoora microscope. All images were taken at the same 
magnification and exposure parameters. Figure 10 shows that while 
GFP fluorescence decreases with time after death, unambiguous 
detection of GFP is still possible at 28 days after decapitation, 
with no fluorescence detectable in wild flies. This indicates 
that the PUb-nls-EGFP marker should be a reliable visible 
detection system for released transgenic insects, and especially 
for those captured and killed in field traps with monitoring 
occurring after extended time periods. 



Example VI 

A piggyBac vector marked with the Mediterranean fruit fly 

{Ceratitis capitata) white gene cDNA (pB [Ccw] ) and the phsp-pBac 

helper was used to transform the oriental fruit fly (Bactrocera 

dorsalis) . Injected GO embryos from the B. dorsalis white eye 

mutant strain yielded 102 fertile adults, that upon individual 
backcrossing, yielded three lines of putative transformants with 
pigmented eyes (Figures 8a- 8e) . One of these lines produced 119 
Gl transformants. Southern DNA hybridization analysis with 
piggyBac and white gene probe verified chromosomal integration of 

the piggyBac-white vector in all three lines. In a separate 
experiment, the whl t e/ PUb -nls-EGFP marker within pBtCcw, PUb-nls- 
EGFP] was introduced into a single B. dorsaliB transformant line 

from 17 GO matings. As in Drosophila, the transformant was 
selected solely by GFP expression, having undetectable eye 
coloration. This reaffirms the notion that the polyubiquitin-EGFP 
marker is significantly more reliable than white gene markers. 



Example VII 

The PUb-nls-EGFP marker was introduced into the medfly, 
Ceratitis capitata, to further test GFP as a transgenic selection, 

and to create GFP-marked strains for testing as a field release 
marker in medfly SIT. First a piggyBac vector marked with PUb- 
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nls-GFP and the medfly white gene (pB[Ccw, PDb-nls-EGFP] ) was 

tested, and then the vector solely marked with Pub-nls-GFP pB [PDb- 
nls-EGFP] ) was tested. Both experiments used the hsp70-picrgyBac 

(phsp-pBAC) helper. Based on GFP fluorescence, the first 
experiment yielded five transformant lines from 99 fertile GOs 
(See Figure 9) , while the second experiment yielded three 
transformed lines from 17 fertile GOs. Transformation was 
verified by Southern hybridization analysis. The foregoing 

detailed description is for the purpose of illustration. Such 
detail is solely for that purpose and those skilled in the art can 
make variations without departing from the spirit and scope of the 
invention. 
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We claim: 

• • ■ # * 

1. A transformation system comprising a vector containing a 
nucleotide sequence from a piggyBac transposon in which is 
inserted an enhanced green fluorescent protein gene linked to a 
promoter region of a polyubiquitin gene and a nuclear localizing 
sequence of an SV4 0 virus . 

2 . A transformation system of claim 1 further comprising a 
piggyBac transposase helper plasmid under heat -shock promoter 

regulation. 

3 . The transformation system of claim 1 wherein said 
polyubiquitin gene is from Drosophila melanogaster . 

4 . The transformation system of claim 2 wherein said 
polyubiquitin gene is from Drosophila melanogaster. 

5 . The transformation system of claim 1 wherein said piggyBac 

transposon is modified by deleting about 748 bp of internal 
piggyBac sequence. 

6. A vector having SBQ ID NO 6 . 

7. A transgenic organism transformed using the transformation 
system of claim. 3 wherein in said organism is detectable under 
ultraviolet light. 

8. A transgenic insect transformed using the transformation 
system of claim 3 wherein said insect is detectable under 
ultraviolet light. 

9. The transgenic insect of claim 8 that continues to be 
detectable under ultraviolet light after death. 



25 



WO 01/14537 





FIG. la 




FIG. lb 



* • r 1 



^ ft*** >li 



FIG. 1 c 



1/22 



SUBSTITUTE SHEET (RULE 26) 



WO 01/14537 



PCTAJS00/22433 




2/22 

SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 01/14537 



PCT/USOQ/22433 




4/22 



SUBSTITUTE SHEET (RULE 26) 




5/22 



SUBSTITUTE SHEET (RULE 26) 



WO 01/14537 PCT/US00/22433 




6/22 



SUBSTITUTE SHEET (RULE 26) 



WO 01/14537 PCT/US00/22433 




7/22 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 01/14537 



PCT/US00/22433 




2r> 

9/22 



SUBSTITUTE SHEET (RULE 26) 



PCTAJSOO/22433 



4J 

O 
43 
43 

ft 

43 

d 

I 

1 

i 

43 
43 
43 
43 
U 
43 

s 

to 

s 

w 

CO 



n) O 




43 ftf 



SB 

m id 



J 2 



d 



10/22 



SUBSTITUTE SHEET (RULE 26) 



WO 01/14537 



PCI7US00/22433 




NLS polyubiquitin 
5164-5190 



FIG. 5 



11/22 

SUBSTITUTE SHEET (RULE 26) 



WO 01/14537 



10 20 30 40 50 

1234567890 1234567890 1234567890 1234567890 1234567890 

GAosAAftGQG ui'iocjiGm. ooodKnTT •mraasmA 'luium^m 50 

^AIQ3ITT CmGAGSIC AGG1GGCACT TTJXX3333A NS3H333333 100 

AAcxxxnarr Tamsanr tobake&ca ticaamek[g tstooqcica iso 

IGfitSOfflA ACXCT3fl2A AUGCTKa&T ABEillGAAA AAGGAAGAGT 200 

^i^GiaTic AAcarriooG ' l uiuuuuurr Arroo cr rrr TrooaocaaT 250 

TIQQCrrCCT ULT1T1UU1U AOCCAGAAAC OJ1U1LGAAA GTftAAAGKIG 300 

CIS^AGATCA. Ul'lUULflULA OSGIG3GHT ACATCGAACT GGATCICAAC 350 

2GCX33IAAGA TOCTIGAGAG TTITO330CC GAAGAAOGTT TIOCAA3GAT 400 

GAGCACITCT AAAGTIdGC TKIGIOQ0QC QUUAH'iMUJ CEEATIGAQG 450 

Q0Q33CAAGA GCAACTCGGT aQ00GCA2fcC ACEATIL'ICA GAA3GACITG 500 

GntSGEACT CAOCAGICAC AGAAAAGCAT CTIfcCEGAIIG 550 

AAS^GAKTIA. T3CACT3CIG COHMOZAT GfiGTEGKmaC AL'lULULXJJA 600 

ACITZACTICr GACAAOGAIC GGKGGACCGA. AGGAGCIAAC OOLTITITIG 650 

CAC&ACAIGG GGGATCA3GT Aa L ' lU U ULTf GKD0GITQQG AACDQGAGCr 700 

GAA3KaAGOC AIACCAAACG AOGAG33IGA CaGCftGGKrG CCTGEAGCAA 750 

TGGCAACAAC GITQDQCAAA. CTATEAACIG GaGAACISCT 1JOCI2GCT 800 

TCOQQGCAAC AATIAM^GA. CIGGAIOaG G03GAIAAAG TIQCAGGACC 850 

^CTIUIULIJL' 1LUJLU. T IC 03QCTGGCIG U L T iHL ' l OC T GRJRAKICIG 900 

GBGCX333IGA QOGIQGGICT ULLUj-LATCA. TIG3QCACT GGQQGCAGAT 950 

QSEg^GOQCT (JUULJUATOST AGTEATCEftC AOGftCQQQGA. GTCAGGCAAC 1000 

TMX3GKEG&A. OSiftftTMSaZ AGALLLUJ1GA. GATO O5IQ0C TCACIGATEA. 1050 

AQC3^nQSIA A CTCLCA GAC CMGrrncr CA3KIAIACT TraGATIGKr 1100 

TDVAAACTIC ATrnrmATT TAAAAGSKEC TMSEGftAGA VLUUITITIUA. 1150 

T^AIICJCAIIG AOCAAAfllCC CCmMJSDSk QCTTTOGTIC CRCIGfiGOSr 1200 

CAS^TDCUr AGAAAAGKDC AA2GGATCIT CTIGACSmX TlTlTl'lUll? 3250 

CQ03TAATCT GL'IULTIULA AACAAAAAAA COmaCEBC OQOQGIQCSr 1300 

TKSmxmS GATCAAGAGC TACEAAdCT TTTTOCEAAG GIAAUIUXT 1350 

TCAQCAGPGC GCZOffiACCA AAmJlUiLC TIUMUIUIA GOOGraSnA 1400 

Q30CADCACT TCAAGAACTC TGTAGCAOCG GCEEMMX: TCUJIUIUCT 1450 

AATOZEGTIA OCAG1GGCIG CIGOCSGIGG CGKIW¥3ia3 'lUlLTi^DOG 1500 

QGTIQ3RCIC AAGACGAEAG TBODSGMA AGGCGCAGOG UllULLL'IGA. 1550 

^33QQ333ir GGIGCAC2CA. GOCCALLTIG G£GOGAA03A GCEOOCGA 1600 

ACKSOfflAC CTACPGCCTDS AOZATDGAGA AAGCGOCAOG Cl'lUUGGAAG 1650 

QGAGAAAQOC GGAG^GGTKT C093TAAQGG GCAQ33ICGG AACAGGAGAG 1700 

OQCfcGGBGGS AGCTICCAGG GQSAAAOQQC 'I U LjIM L TIT A!IAGTCCIGT 1750 

OgOQ l TlUUL' CAOCTCIGAC TTGAGOGTOS A lTlTlUHjA . '1UL'1UL?1CAG 1800 



FIG. 6a 

12/22 



SUBSTITUTE SHEET (RULE 26) 



WO 01/14537 PCT/US0O/22433 



10 20 30 40 50 

12 34567890 1234567890 1234567890 1234567890 1234567890 



qaooaooGaG aziaaxaaaA. AftroacaGca. aa j auuu ur r Tna a&riu 1850 



TTCX5A GCI GC 



imit / h i ■ 



1900 



i&mxsGK} GKEwmsra. ttroogocit 'igbgjigagct Garaoaocrc 1950 

QCXX3C3M3CDS AaOGfiQJGftG aJ3G03AGT C2GTCAGCGA. G3AAQ0QS&. 2000 

GAGQ30CEAA. TSOQCAAAOC ajL'lL'lQJUC : QCX3CGTIQQC OGBTICATm 2050 

^K3QVGCTQS CmDffir TTOOOGACTG GAAAQCX333C AGTGAGOQCA. 2100 

aoscaatiiaa. 'luiuA GnaG ereaciem 1 AoaaooocA. QacrnacAC 2150 

TTE^EQCTIC (JLUJ1UU1M? GI'IUIUIUGA. AT1U1GAG0G GATAACAATT 2200 

TC^CaCAQGA. AACAGCEATC A OJAlUftl ' iA CEAAIICGAG C1UULJUADCE 2250 

G33GATOC1C TAGAGICGAC ClUCAGQCAT QCMGCTTOC MULL'lU^AG 2300 

Giosftoacic GcmsyznG uitiuceatt crnsGcm3 OGiaocGieA 2350 

Q^Cfi GUi'lUj 0C2CAAIGIG GITITIGTCA AAOGAAGATT C\imGACGTG 



2400 
2450 
2500 
2550 
2600 



"IGAACEftTAA rnyrrrwi n AGTCAAAATC A03C2tfGATT MOTIiaOS 2650 

iGftcrrrnroA gmtiaacic atotrtpat asmmsriA Tnoannc 2700 

iATAACTTATT A32¥EAIKIKr T1TUT1UT1A TM3KEKKDST 2750 

GftC2l3\KEKEA TAASBAAMIG GGI2VGnXIIT TAGA03A3G&. 2800 
TCTQ caui ' iu TOCAAAQ3G& TGAQSAQCIT GTIGGIGAQ! 



2850 

GA320\GAAG 2900 



ASOOSTTEAT iOmSGSTA. CA3GAAGIGC AQ0CAAG3IC AAGOGGTAGT 2950 

GftAftasanaG A03^ACAAAA. lUlTftTlGAA. CAACCAG3IT CnCATI03C 3000 

TICIJ^CAGA AlUl ' llaft OCT TQ0C3OGRG GAC1M'I!AGA. G3TAAGAAHA 3050 

AfiCftaTCTIG GICAA Cr i CA . AAGTOCACGA. GXGTAGGOG ACJIUILMULA 3100 

C3I5\aCATIG Tl^GKICZICG AGCTCAAQCT TCEAATTC1G CS GTOGaC QS 3150 

TAOCX3STCT 'l U imU U UGA . AOTSGOaC AGAGATIDCA. A1U1U1UCCT 3200 

aiciticag3 CTrrroacCT txjpgftccpg ao^agogac toqostidg 3250 

GGIC33G39GT CIULIL'IUAGG G1LT1G1UAA. TIAQQ3QQ0G CAGMULiXG 3300 

AIQQQCGIG3 O33033G33 CAULT1CAOC TTQ00GI3O3 GCITGCTSIT 3350 

CTDaoasnc aaaatcioca uuiamTrr ocrnaosiG cgctiqcaat 3400 

G^TEACIGTC ™ MWTrraa aammnrnaa t x nrnavnsvn arT T 41 111333 3450 



ccicrooGAA. aak^aactit Tnaosmm, toqocacaca. cotj^aaagc 3500 

AO^C5iQ3vrT ATA aUl'lTiA AlATIKIAAT AIGCAG3TET TCATEACTIA 3550 
TXX22y30Gm AGOGCACITA AAGOGATITA ACAATIMTJ.' G00GAAAGAG 3600 
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TAAAAfiCAAA Tl'lCA CTIAA AAKIQG&Tm AGAAAAQCJT GTSB&GATT 3650 

7flX3bQCRQC33 TIQ0CW3AIIA QCKTKITm AftMOTCA AAAACAAimA 3700 

GFTTIGftAAA ■EflMK^CMA AAlEOIAGIC GTUQ0CX3CAA. G3C3EMCAC 3750 

AlOOCITT TOAAACflOCr TTTOCCTOrA CfiGAAIEfiCr TTEDftAKTIT 3800 

°Q 5 GICASGC TGOG &jlTIC AAAATIKE&G CEOSUO^ AG&CAGIQCT 3850 

^FlTCftAAAG CAAACTAAAT AAACACEAAT 02CAACAAGC CTEGGfiCTrP 3900 

IGD^GITIA GATCAAAGGT (JUL!A 1 '1 U CAT TCJ^KDSICKP GSIAAG&GT 3950 

^QQiogicm. QGrcAgwac cicaticbqc qqgicaagic agiscesgaa 4000 

^QGICTCAAT TIGSiAMTGTT CITAAAAA1A. TlTim'lUiT TTGIftCIGIG 4050 

GRaSGITIAA AOGAAAAACA CAAAAAAAAA GIGAIIACACA GAAATCKmA 4100 

AAAATITIAA TJCASGGTET TCGIAOGTAT CAAAA£CAIT TO33CACAAT 4150 

■nTXTTITCK: -IGIftCEAAAG TGITACGAAC ACTM33GE&T TlTl'lSGDSA. 4200 

T^TlCAAaS ACAOOGAAQG TAEATAAACA GLLJl'lUUCEA ACQ3IOIXT 4250 

ICftAAAOCAA TlGAe KlTlG CAGC&33AG TACA2GCAGA. ASGIAAAQOG 4300 

CAftTCBGOGA AAAATTIKEA CTIAMTCrT QGEKaTIAAA GIACAATEAA 4350 

AAX5y\CATIC TOGAAAGICA CAAGAASC3T ASLJITITIAA CTOQCTGrm 4400 

Q CAATIAGrA AIAAGAGCAA CSAGAOGTITG AGIMUT1UA. AGAAAAACIG 4450 

C&JTlCAflGG TCTTIGrroG GOC fltLTlTlT TlTiiflTIOA UGUiCTAOCT 4500 

AAlTJCAAAA T&AGAAATIG QCAGXA03C JSiUl'lUlTlT CQCAATCAAT 4550 

IQQCATCAAA ACGCAAACAA ffldKRAKT AAAACTTOOG 'lUi'iUMiTlT 4600 

CQQCASGATT T3HTQGCAAA ndGAAAJT <JGL£LJ1UACG C&TTIGAAAA 4650 

TBCEAGAAAT GA0GAAO3CA CTOSAQCATr T3IGIGCAIG TTATEfiGTm 4700 

CSPlgCTICIT TGCTIAATIG Aft JlMTl ' iA CCAAC3GAAAT aaClTftULTi' 4750 

T33^3CH3^AA 1AGAGTAGGT TGCTIGAAAC GAAAQCEACG TCTGGAAA&T 4800 

TDQi'JMi'lUC TIAGIAGTIG TGAOGECBGC jaSflXOOC AAAA33^IGT 4850 

QJ^^roeKTGc GrrncAGCTS igikikikia caioqoca ctogcatiat 4900 

GAAAAOSAIG AOGAGCAAOG GAAC&GGTIT aO^CDCC TnGITOCIG 4950 

Ti^icrraacT tto jitiuit cr^Aasmas iagpo33tia AmGGGGrrr 5000 

QXaflCAAAG T TOGOSIPGR. TAAKCaAGTT 'l UU LmTl'lT ATTCCCCAGC 5050 
CZ^GGAAGTIA GTITCAATAG TTTIGIMTr TCAACGAAAC TCKTriGATT 5100 

^Xsmzmpa tttocackic iuiktitiga cm3caGA&r aatccaaaat 5150 

QC3^GKK3QQG GATOOCAOX CAGCCAAGAA GAAQOQCAAG GTQGAG3CG 5200 

AaXXXDoICGT TITACAAD3T CGIGACIGGG AAAAO0CIGG O3ITAC0CIAA 5250 

a^CAAI03GC TTQCAQCACA TCCDXTITC G0CM3CIGQC GafcKEAGOGA 5300 

AO^flQOOOaC AGOGftJOGOC CTTCGCAACA GTIGOQGIDG ACICISGAGG 5350 

AI^aOOOQGGA TOCAOCI33IC GOCAOCAIGG TGAGCAAG33 02AGGAGCTC 5400 
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TTCaQOQGQG IDGTOgGCAT (U l UU l UGflG C3X3GAOQ3JG AGCT&AAQQG 5450 
OCaCftfiGTIC AQCUIUIULG GGra033Cm GQCXXSflQOC ACCIRGQGCft. 5500 

^QCD3Roocr G&yjricftxc tqcagcagog qcz^gcigoc osiqoociqg 5550 
axaoxio s TGfiocaaxr GMcraoooc giqcagtgct tcaqoogcta. 5600 



5650 



QCEVOGfiaCA. G3AG0QCACC AiLTlLTlCft . AGGAGGACGG CMCIBCftAG 5700 

^OaOQOQqOG AQGKS^GIT OGAQ3C30GAC jmJIUiLUA MEGGKiaSl 5750 

S^KS^GGGC iffiDSACITCA CAACZffiDCIG Q33CACAAGC 5800 

1Q®GI30\A CAC&A03ICT MKL"C30G3C OSO^GCftG 5850 

AftGAftOQQCA TCAAGoItS^A CITCfcAG&IC CGGGACAACA 5900 

CAQCGIGCaG CrOOOaS^DC PCTNXPCTk GAflCACDGCE iOOGCCGAOG 5950 

QOCXXSroCT GL'lUUUULjAC AMTRCroa: TGRGCaaXA GIOOGOOCTG 6000 

QCAAOSO^A GOGCHYICAC MGGflCCIGC TOGBCTICGT 6050 

GAOCX30330C Q3GATCACIC TOQQCKFQGA OGBGCIGI&C AAGI&AftGOG 6100 



6150 
6200 



AftJQCft&riG TlUl'mi ' JLft A. CTIUITJ!^ QCaGCTTMEft. i^D33rmCAA. 6250 

ATAAftGCAftT i^OCSTCRCPA TAASQCATIT T1T1CACTQC 6300 

^TIC n^SnG ' lUiiTlUlULj AiUIMUi'iA U33J3ISMSC 6350 

TSp^Gocgrr Afta m ' iTiur iBAAKrrooc GnaAftrrrr totbwctca 6400 

(X'lC?ilTITr TaAOCZAKTOG GXGAftKIOG QCZ^AAMODC TBffAAKICA 6450 

ODGEGAIBQG GITGfiGIIGrr GITCCftGrrr 6500 

TCCZKH&Tm ^UCAaQjT CAAAG330G& i^AALUJiCr 6550 

^TCftQQSOGA T3QOOC3m 03SX3^CdSI CADOCIAATC AALJI'ITITIG 6600 

QOOGQ&AfiGC ACIAAKIOQS AftDCHC^fiG O3RG00000G 6650 

^TEftGftGZT TCRQQGGGftA, AQOOQQCXaA OSTOGOGfiGft, ABGGftfiGQGA. 6700 

^SVft^QQ3^A. jaGGM30QQQC QdAGQQOQC T33CMGS3I 6750 

CD3C33Q3iaA. OCflQCBCftOC UU ULUJUr . ' IT TftCAQ330QC 6800 

aic ftasni3C flCnnCQQG GftAKDSIGOG GQGaaCCOCT AiTlUlTUAT 6850 

TrncraAKr flggriCAftKr ^immaxc tckdgbbov, ajracdctc^ 6900 



HTC AKIBKIKnG AAAASGGMG SGIGCIGfiGG GQGAMGftaC 6950 
CAQdGIQGA a U .OL Gi .UlL A GmQQGIGr QGAAftSDCDC CBOQCTO00C 7000 
A0C?sa33OV AGTKIQCAAA. QCK1UJMCT O^TEAGICA. QCAAOCfiGGr 7050 
GIQQ&AAGIC GOCAOaOTOC GA 
CICAKPEfiGT CBGCAftaCaT 2GIOD0QCDC CE 

acns^ciooG axAGncaG Qoracm: GO 



nu l l 



7100 
7150 
7200 
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Trcrmrrm tcjcagagqoc gagqoojxt aaoocrcrav. qctatkemj 7250 

AfiGl^GIGftG OQOCnnT TQGMGAADC AEKHQQGaA OOSIQOSaC 7300 
AAACAAACQC GBGflaOEG AAGIACIGAA. AAACAGICQC T0C2G90CfiG 7350 

toqg&eatc GftanrriTGr TncacoGac oocteacict GGKncKi&r 7400 

AAAQQGftfiGC 
TOCTTlcrMDC 
ATCftAACEAA 



7450 
7500 
7550 



aocteqcagea qcsv^ogaa taqljig3Xt atoxateat TCIAOQGAAT 76 

GAaj^AACATT GOCIGCKEAA. ATiLTJ.Tl!AT UflKnOQC CATAA2GTCA 
GEAQCAAQ33 AGAAAAQGXC CAAAGTCECA. AAAAAITEAT GAGAAAGCTT 
TAQ^DGAQCX: TCAG3TCATC GfTTEKEGPGr AAQ3GJITEAG AAGCTOCEftC 
TTDBAM3«3\. TATTTQOQOG i^AKOCIC TAATALTllG GCAAATGAAG 
TO0CIG3EAC ATCAGKTGAC AG0SOGAAG AGCEAGEAAT GAAAAAAQ3T 
ACT33o?3m CTIACIGCXX: CICTAAAAOA AQ30GAAAGG CAAAIQCKIC 
GTQCAAAAAA TQCAAAAAAG TIKITIUI U S AOGCATAAT ATTCATASGT 
QQC^aAGTIG TIVLUIUACIG ACTAKEAAGr ATAATTTOIT ILUm'im.Ul' 



AIEAftGnSiAG 
GEACAAAKEA 



7650 
7700 
7750 
7800 
7850 
7900 
7950 
8000 
8050 
8100 



TACITIATOG AASAATTIT GM iLTlTJUUL' TlTlilTiTft fr TAAAIAAATA 8150 

AAQvaaftgm. A KL ' IUITIUI ' 1GAKITEMT ATIAGrATCT AAmu-LBAAT 8200 

AtEAftQBAAAC TEA&IATCIA TTCAAATEAA TAAA3&AACC TOGATATACA 8250 

GACX3G&EAAA ACACATOOGT CAATnTACE CAK507IATC Tn&AOGIAC 8300 
GEDQ^CAKERT 
IKTlSsncAG 



8350 
8400 



as^tigicct attciaqoct Trnranrr toqctqctos AcnGaaarr 8450 

ctqqgacaca TiTiumu a^ Tnoosrrrr ctjcaaagac ttcaqcagag 8500 

■BCAqgriaAT cAA tJiuriCA . aai'iuaicca TaanaaoGKr atcaaoocga 8550 

TQCX3IMKIG GflGOSTAAAA TKEATnTIT AAOJCTCTEA TgCITiHCaC 8600 

12A TAOGOSTrCG 1G3BCZOOS TAATCA3XIET TICTrTTTTG 8650 



(303^ftAfiCIC CTACIGAGTT TISGA03ZDC ACAAGTIQCA 8700 

AAAQGIG3CA TITTITffiDCA A2GAAGAATT TaAfiGTEKIT TEAAAAAATT 8750 

TC£ax?£AGA TTEAAAGAAG AAOCAAAAAT TAAATEATEE CAACAGITEA 8800 

AICXSAO^GT TAAICAA03T GIACACAGAC Q3GI033CAA AAAACACGCA 8850 

OOCCI3ACI3IG TTGQCTAAAA TEATEAAATC AALTlUiUlT ATAGT^GS 8900 

^TXTIXEGIX: CAA QjlUri C CTCAAAAAGT TG&AGACCAA CAAGTTTACE 8950 

GAC^CEATEA ATEATTIGAT TTIG C XX X3 C TICATTTTGr QGGA3CACAA 9 
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TTTlGriKIA TTTE^AWZ&A. AQCTIQQCRC T39CX33T0GT TTI3\CftAOGr 9050 

OSDCaciQQG AAAZOICTQ3 CTIM0XI3OC TEOraGQCA 9100 

3nc gocbgceqqc: GajRfinaoaGa. mscoxxxx: nxwojjz 9i50 

_ Ul ' lULU CfiQC CSX3MH33CG AMGQOQOCr GKDgOQSiaT 9200 

TTTClDCTm CJUL a i l Ul Ul U OQSiaTriCa. caOOGCMmr GGIQCACTCT 9250 

CAGERCaATC TQC'KJIGATC Q03CATSGIT MnMXr CSOCCXI3C 9300 

c&acAocm: TCAaoaoaoc tgrdooqcit Graociaoc gqc rtcpqct 9350 

T&C&3£A£G CICTGACOCT CTCDQG3AQC TQCMGIGTC AGRGSTTTTC 9400 

AOCGICAiaV QOGAAACDOS OGA. 9423 
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SEQUENCE LISTING 



<110> Handler, Alfred M. 

<120> PiggyBac Transformation System 

<130> 0194,98 

<140> 
<141> 

<160> 14 

<170> Patentln Ver. 2.0 - beta 

<210> 1 
<211> 4 
<212> DNA 

<213> Trichoplusia ni 

<400> 1 
ttaa 



<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 2 

tcttgacctt gccacagagg 



<210> 3 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 3 

tgacacttac cgcattgaca 



<210> 4 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .-primer 



1 
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<400> 4 

gtcagtccag aaacaacttt ggc 23 

■ 

<210> 5 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 5 

cctcgatata cagaccgata aaaacacatg 30 

<210> 6 
<211> 9423 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence :pB [PUb-nls-EGFP] #257 

<400> 6 



gacgaaaggg cctcgtgata cgcctatttt 


tataggttaa tgtcatgata 


ataatggttt 


60 


cttagacgtc aggtggcact tttcggggaa 


atgtgcgcgg aacccctatt 


tgtttatttt 


120 


tctaaataca ttcaaatatg tatccgctca 


tgagacaata accctgataa 


atgcttcaat 


180 


aatattgaaa aaggaagagt atgagtattc 


aacatttccg tgtcgccctt 


attccctttt 


240 


ttgcggcatt ttgccttcct gtttttgctc 


acccagaaac gctggtgaaa 


gtaaaagatg 


300 


ctgaagatca gttgggtgca cgagtgggtt 


acatcgaact ggatctcaac 


agcggtaaga 


360 


tccttgagag ttttcgcccc gaagaacgtt 


ttccaatgat gagcactttt 


aaagttctgc 


420 


tatgtggcgc ggtattatcc cgtattgacg 


ccgggcaaga gcaactcggt 


cgccgcatac 


480 


actattctca gaatgacttg gttgagtact 


caccagtcac agaaaagcat 


cttacggatg 


540 


gcatgacagt aagagaatta tgcagtgctg 


ccataaccat gagtgataac 


actgcggcca 


600 


acttacttct gacaacgatc ggaggaccga 


aggagctaac cgcttttttg 


cacaacatgg 


660 


gggatcatgt aactcgcctt gatcgttggg 


aaccggagct gaatgaagcc 


ataccaaacg 


720 


acgagcgtga caccacgatg cctgtagcaa 


tggcaacaac gttgcgcaaa 


ctattaactg 


780 


gcgaactact tactctagct tcccggcaac 


aattaataga ctggatggag 


gcggataaag 


840 


ttgcaggacc acttctgcgc tcggcccttc 


cggctggctg gtttattgct 


gataaatctg 


900 


gagccggtga gcgtgggtct cgcggtatca 


ttgcagcact ggggccagat 


ggtaagccct 


960 



2 
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cccgtatcgt agttatctac acgacgggga gtcaggcaac tatggatgaa cgaaatagac 


1020 


agatcgctga 


ga t aggtgcc 


tcactgatta agcattggta actgtcagac caaotttact 


1080 


catatatact 


ttagattgat 


ttaaaacttc atttttaatt taaaaggatc taqgtqaaqa 


1140 


tcctttttga 


taatctcatg 


accaaaatcc cttaacgtga gttttcgttc cactgagcgt 


1200 


cagaccccgt agaaaagatc 


aaaggatctt cttgagatcc tttttttctg cgcgtaatct 


1260 


gctgcttgca 


aacaaaaaaa 


ccaccqcfcac caqcqq tciq t fcfcqtttgccq aatcaaaaoc 


1320 


taccaactct 


ttttccgaag 


gtaactgcrct tcaqcaqaqc qcaqatacca aatactatcc 


1380 


ttctagtgrta gccgtagtta 


qqccaccact tcaaqaactc tcrtacrcacccr cctacatanc 


1440 


tcgctctgct 


aatcctgtta 


ccacrfccrqcfca eta ccacrt eta cciafcaatrfcccr t _ crt"r , t*t-^r»r'rr 


1500 


ggttggactc 


aagacgatag 


ttaccoaata aoacacaaca crtcaocfctcra arafmnnni' f* 


1560 


cgtgcacaca gcccagcttg 


£Ta<TI"'*ciaar , cia PP^3fanrffa r* t* narrow- a r-i —>*-¥■*-!.«■-■ 
y "ij ^yoaoy a L.LLavai'Uyja aL l_y cty dLdL, CtaCayCyXy 


1620 


agcattgaga 


aagcgccacg 




1660 


gcagggtcgg 


aacaggagag 




1740 


atagtcctgt 


cgggtttcgc 


LdLutcuydC LLyaycy Ley attLLuyxga tgctcgccag 


1800 


gggggcggag 


cctatggaaa 


aarfTr*naar , a *^ #-w fwnrtf>r»n* t-t"t*3/vrrrt-t-r« j-ii- j-.j-.jui.t-i > i ■ 
cid^y L-*^ciy v^ct "^y^yy^t-tt. utUaCyyttC CuyyCCuCCt 


1860 


gctggccttt 


tgctcacatg 


tfcettttceter cottatceer fcaat*fr , r»t-rTr > r J t fiafaamn^a 


1920 


ttaccgcctt 


tgagtgagct 


gutaccgcLc yccycdyccy aacgaccgag cgcagcgagti 


1980 


cagtgagcga 


ggaagcggaa 


yoywyi»vi»aa *- cii^y uiaaLt yccucuccvC gcgcgrcuggc 


2040 


cgattcatta atgcagctgg 


CaCOaCaCllJ l_ ttCCCOactO naaagpnnfif* anhnarrrvnta 

»"«v^|nvnj<jw kbWVV^IMrkg *jOOCMt^j^*jU C*^4 kMCiMWMCCi 


2100 


acgcaattaa 


tgtgagttag 


ctcactcatt aocrcacccca crcrcfcttLacar- t-t- 1~ at- or» 


2160 


cggctcgtat 


gttgtgtgga 


attqtqaqcq qataacaatt tcacacacraa aacaactata 


2220 


accatgatta 


cgaattcgag 


ctcuyLaccc qoggatcctc taqaqtcqac ctacaoacat 


2260 


gcaagcttgc 


atgcctgcag 


gtcgacgctc gcgcgacttg gtttgecatt ctttaacacQ 


2340 


cgtcgcgtca 


cacagcttgg 


ccacaatgtg gtttttgtca aacgaagatt etatgaegtg 


2400 


tttaaagttt 


aggtcgagta 


aagcgcaaat cttttttaac cctagaaaga tagtctgegt 


2460 


aaaattgacg 


catgcattct 


tgaaatattg ctctctcttt etaaatageg cgaatccgtc 


2520 


gctgtgcatt 


taggacatct 


cagtcgccgc ttggagctcc cgtgaggcgt gcttgtcaat 


2580 


gcggtaagtg 


tcactgattt 


tgaactataa cgaccgcgtg agtcaaaatg aegcatgatt 


2640 


atcttttacg 


tgacttttaa 


gatttaactc atacgataat tatattgtta tttcatgttc 


2700 
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tacttacgtg ataacttatt atatatatat tttcttgtta tagatatcgt gactaatata 2760 
taataaaatg ggtagttctt tagacgatga gcatatcctc tctgctcttc tgcaaagcga 2820 
tgacgagctt gttggtgagg attctgacag tgaaatatca gatcacgtaa gtgaagatga 2880 
cgtccagagc gatacagaag aagcgtttat agatgaggta catgaagtgc agccaacgtc 2940 
aagcggtagt gaaatattag acgaacaaaa tgttattgaa caaccaggtt cttcattggc 3000 
fctctaacaga atcttgacct tgccacagag gactattaga ggtaagaata aacattgttg 3060 
gtcaacttca aagtccacga ggcgtagccg agtctctgca ctgaacattg tcagatctcg 3120 
agctcaagct tcgaattctg cagtcgacgg tacccgatct tgtcgccgga acgcagcgac 3180 
agagattcca atgtgtccgt atctttcagg cttttgccct tcagttccag acgaagcgac 3240 
tggcgattcg cgtgtggggt ctgcttcagg gtcttgtgaa ttagggcgcg cagatcgccg 3300 
atgggcgtgg cgccggaggg caccttcacc ttgccgtacg gcttgctgtt cttcgcgttc 3360 
aaaatctcca gctccatttt gctttcggtg cgcttgcaat cagtactgtc caaaatcgaa 3420 
aatcgccgaa ccgtagtgtg accgtgcggg gctctgcgaa aataaacttt tttaggtata 3480 
tggccacaca cggggaaagc acagtggatt atatgtttta atattataat atgcaggttt 3540 
tcattactta tccagatgta agcccactta aagcgattta acaattattt gccgaaagag 3600 
taaaaacaaa tttcacttaa aaatggatta agaaaagctt gtgtaagatt atgcgcagcg 3660 
ttgccagata gctccattta aaacacttca aaaacaataa gttttgaaaa tatatacata 3720 
aatagcagtc gttgccgcaa cgctcaacac atcacacttt taaaacaccc tttacctaca 3780 
cagaattact ttttaaattt ccagtcaagc tgcgagtttc aaaattatag ccggtagaga 3840 
agacagtgct atttcaaaag caaactaaat aaacaccaat cctaacaagc cttggacttt 3900 
tgtaagttta gatcaaaggt ggcattgcat tcaatgtcat ggtaagaagt aggtcgtcta 3960 
ggtagaaatc ctcattcagc cggtcaagtc agtacgagaa aggtctcaat ttgaaattgt 4020 
cttaaaaata ttttattgtt ttgtactgtg gtgagtttaa acgaaaaaca caaaaaaaaa 4080 
gtgatacaca gaaatcataa aaaattttaa tacaaggtat tcgtacgtat caaaaacatt 4140 
tcggcacaat tttttttctc tgtactaaag tgttacgaac actacggtat tttttagtga 4200 
ttttcaacgg acaccgaagg tatataaaca gcgttcgcga acggtcgcct tcaaaaccaa 4260 
ttgacatttg cagcagcaag tacaagcaga aagtaaagcg caatcagcga aaaatttata 4320 
cttaattgtt ggtgattaaa gtacaattaa aagaacattc tcgaaagtca caagaaacgt 4380 
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aagtttttaa ctcgctgtta ccaattagta ataagagcaa caagacgttg agtaatttca 4440 
agaaaaactg catttcaagg tctttgttcg gccatttttt ttttattcaa cgctctacgt 4500 
aattacaaaa taagaaattg gcagccacgc atcttgtttt cccaatcaat tggcatcaaa 4560 
acgcaaacaa atctataaat aaaacttgcg tgttgatttt cgccaagatt tattggcaaa 4620 
ttgtgaaatt cgcagtgacg catttgaaaa ttcgagaaat cacgaacgca ctcgagcatt 4680 
tgtgtgcatg ttattagtta gttagttctt tgcttaattg aagtatttta ccaacgaaat 4740 
ccacttattt ttagctgaaa tagagtaggt tgcttgaaac gaaagccacg tctggaaaat 4800 
ttcttattgc ttagtagttg tgacgtcacc atatacacac aaaataatgt gtatgcatgc 4860 
gtttcagctg tgtatatata catgcacaca ctcgcattat gaaaacgatg acgagcaacg 4920 
gaacaggttt ctcaactacc tttgttcctg tttcttcgct ttcctttgtt ccaatattcg 4980 
tagagggtta ataggggttt ctcaacaaag ttggcgtcga taaataagtt tcccattttt 5040 
attccccagc caggaagtta gtttcaatag ttttgtaatt tcaacgaaac tcatttgatt 5100 
tcgtactaat tttccacatc tctattttga cccgcagaat aatccaaaat gcagatcggg 5160 
gatcccaccc cacccaagaa gaagcgcaag gtggaggacg atcccgtcgt tttacaacgt 5220 
cgtgactggg aaaaccctgg cgttacccaa cttaatcgcc ttgcagcaca tccccctttc 5280 
gccagctggc gtaatagcga agaggcccgc accgatcgcc cttcccaaca gttgcggtcg 5340 
actctagagg atccccggga tccaccggtc gccaccatgg tgagcaaggg cgaggagctg 5400 

* * • 

ttcaccgggg tggtgcccat cctggtcgag ctggacggcg acgtaaacgg ccacaagttc 5460 
agcgtgtccg gcgagggcga gggcgatgcc acctacggca agctgaccct gaagttcatc 5520 
tgcaccaccg gcaagctgcc cgtgccctgg cccaccctcg tgaccaccct gacctacggc 5580 
gtgcagtgct tcagccgcta ccccgaccac atgaagcagc acgacttctt caagtccgcc 5640 
atgcccgaag gctacgtcca ggagcgcacc atcttcttca aggacgacgg caactacaag 5700 
acccgcgccg aggtgaagtt cgagggcgac accctggtga accgcatcga gctgaagggc 5760 
atcgacttca aggaggacgg caacatcctg gggcacaagc tggagtacaa ctacaacagc 5820 
cacaacgtct atatcatggc cgacaagcag aagaacggca tcaaggtgaa cttcaagatc 5880 
cgccacaaca tcgaggacgg cagcgtgcag ctcgccgacc actaccagca gaacaccccc 5940 
atcggcgacg gccccgtgct gctgcccgac aaccactacc tgagcaccca gtccgccctg 6000 
agcaaagacc ccaacgagaa gcgcgatcac atggtcctgc tggagttcgt gaccgccgcc 6060 
gggatcactc tcggcatgga cgagctgtac aagtaaagcg gccgcgactc tagatcataa 6120 
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tcagccatac cacatttgta gaggttttac ttgctttaaa aaacctccca cacctccccc 6180 

■ > • 

tgaacctgaa acataaaatg aatgcaattg ttgttgttaa cttgtttatt gcagcttata 6240 
atggttacaa ataaagcaat agcatcacaa atttcacaaa taaagcattt ttttcactgc 6300 
attctagttg tggtttgtcc aaactcatca atgtatctta aggcgtaaat tgtaagcgtt 6360 
aatattttgt taaaattcgc gttaaatttt tgttaaatca gctcattttt taaccaatag 6420 
gccgaaatcg gcaaaatccc ttataaatca aaagaataga ccgagatagg gttgag t g t t 6480 
gttccagttt ggaacaagag tccactatta aagaacgtgg actccaacgt caaagggcga 6540 
aaaaccgtct atcagggcga tggcccacta cgtgaaccat caccctaatc aagttttttg 6600 
gggtcgaggt gccgtaaagc actaaatcgg aaccctaaag ggagcccccg atttagagct 6660 
tgacggggaa agccggcgaa cgtggcgaga aaggaaggga agaaagcgaa aggagcgggc 6720 
gctagggcgc tggcaagtgt. agcggtcacg ctgcgcgtaa ccaccacacc cgccgcgctt 6780 
aatgcgccgc tacagggcgc gtcaggtggc acttttcggg gaaatgtgcg cggaacccct 6840 
atttgtttat ttttctaaat acattcaaat atgtatccgc tcatgagaca ataaccctga 6900 
taaatgcttc aataatattg aaaaaggaag agtcctgagg cggaaagaac cagctgtgga 6960 
atgtgtgtca gttagggtgt ggaaagtccc caggctcccc agcaggcaga agtatgcaaa 7020 
gcatgcatct caattagtca gcaaccaggt gtggaaagtc cccaggctcc ccagcaggca 7080 
gaagtatgca aagcatgcat ctcaattagt cagcaaccat agtcccgccc ctaactccgc 7140 
ccatcccgcc cctaactccg cccagttccg cccattctcc gccccatggc tgactaattt 7200 
tttttattta tgcagaggcc gaggccgcct cggcctctga gctattccag aagtagtgag 7260 
gaggcttttt tggaggaacc attgtgggaa ccgtgcgatc aaacaaacgc gagataccgg 7320 
aagtactgaa aaacagtcgc tccaggccag tgggaacatc gatgttttgt tttgacggac 7380 
cccttactct cgtctcatat aaaccgaagc cagctaagat ggtatactta ttatcatctt 7440 
gtgatgagga tgcttctatc aacgaaagta ccggtaaacc gcaaatggtt atgtattata 7500 
atcaaactaa aggcggagtg gacacgctag accaaatgtg ttctgtgatg acctgcagta 7560 
ggaagacgaa taggtggcct atggcattat tgtacggaat gataaacatt gcctgcataa 7620 
attcttttat tatatacagc cataatgtca gtagcaaggg agaaaaggtc caaagtcgca 7680 
aaaaatttat gagaaacctt tacatgagcc tgacgtcatc gtttatgcgt aagcgtttag 7740 
aagctcctac tttgaagaga tatttgcgcg ataatatctc taatattttg ccaaatgaag 7800 
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tgcctggtac atcagatgac agtacfcgaag agccagtaat gaaaaaacgt acttactgta 7860 
cttactgccc ctctaaaata aggcgaaagg caaatgcatc gtgcaaaaaa tgcaaaaaag 7920 
ttatttgtcg agagcataat attgatatgt gccaaagttg tttctgactg actaataagt 7980 
ataatttgtt tctattatgt ataagttaag ctaattactt attttataat acaacatgac 8040 
tgtttttaaa gtacaaaata agtttatttt tgtaaaagag agaatgttta aaagttttgt 8100 
tactttatag aagaaatttt gagtttttgt ttttttttaa taaataaata aacataaata 8160 
aattgtttgt tgaatttatt attagtatgt aagtgtaaat ataataaaac ttaatatcta 8220 
ttcaaattaa taaataaacc tcgatataca gaccgataaa acacatgcgt caattttacg 8280 
catgattatc tttaacgtac gtcacaatat gattatcttt ctagggttaa ataatagttt 8340 
ctaatttttt tattattcag cctgctgtcg tgaataccgt atatctcaac gctgtctgtg B400 
agattgtcgt attctagcct ttttagtttt tcgctcatcg acttgatatt gtccgacaca 8460 
ttttcgtcga tttgcgtttt gatcaaagac ttgagcagag acacgttaat caactgttca 8520 
aattgatcca tattaacgat atcaacccga tgcgtatatg gtgcgtaaaa tatatttttt 8580 
aaccctctta tactttgcac tctgcgttaa tacgcgttcg tgtacagacg taatcatgtt 8640 
ttcttttttg gafcaaaactc ctactgagtt tgacctcata ttagaccctc acaagttgca 8700 
aaacgtggca ttttttacca atgaagaatt taaagttatt ttaaaaaatt tcatcacaga 8760 
tttaaagaag aaccaaaaat taaattattt caacagttta atcgaccagt taatcaacgt 8820 
gtacacagac gcgtcggcaa aaaacacgca gcccgacgtg ttggctaaaa ttattaaatc 8880 
aacttgtgtt atagtcacgg atttgccgtc caacgtgttc ctcaaaaagt tgaagaccaa 8940 
caagtttacg gacactatta attatttgat tttgccccac ttcattttgt gggatcacaa 9000 
ttttgttata ttttaaacaa agcttggcac tggccgtcgt tttacaacgt cgtgactggg 9060 
aaaaccctgg cgttacccaa cttaatcgcc ttgcagcaca tccccctttc gccagctggc 9120 
gtaatagcga agaggcccgc accgatcgcc cttcccaaca gttgcgcagc ctgaatggcg 9180 
aatggcgcct gatgcggtat tttctcctta cgcatctgtg cggtatttca caccgcatat 9240 
ggtgcactct cagtacaatc tgctctgatg ccgcatagtt aagccagccc cgacacccgc 9300 
caacacccgc tgacgcgccc tgacgggctt gtctgctccc ggcatccgct tacagacaag 9360 
ctgtgaccgt ctccgggagc tgcatgtgtc agaggttttc accgtcatca ccgaaacgcg 9420 
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<210> 7 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :p3 El. 2 
<400> 7 

aagcgcaaat cttttttaa 



<210> 8 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
c220> 

<223> Description of Artificial Sequence :p3 El . 2 
<400> 8 

ttaaataata gtttctaat 



<210> 9 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Fl-2 
<400> 9 

aaaaagactg actatttaa 



<210> 10 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Fl-2 
<400> 10 

ttaataagca cactgagtc 

<210> 11 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Ml 7 -4 
<400> 11 
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aaaatgtegt ctaggttaa 

<210> 12 
<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :M17-4 
<400> 12 

ttaaagccgt atatcagat 

<210> 13 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :M31- 6 
<400> 13 

aaatgaacga cttttttaa 

<210> 14 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :M31 -6 
<400> 14 

tt tttagttgt 

19 
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